In normal circumstances one might argue that because the data replicate their earlier data but simply apply to a different cell type, EMBO Journal might not be appropriate. However, the conclusions differ from those arrived at by Amigorena and colleagues, who in an earlier paper argued that NOX2-generated superoxide decreased the proteolytic functions of dendritic cells by consuming protons, thus increasing phagosomal pH. The current paper does not resolve the difference between the two sets of findings, but the authors argue that because they measure pH changes, and indeed all other changes, in real time with live cells their data may be more likely to reflect the true in vivo situation. Given this disparity the paper definitely merits publication. It certainly adds very important information to the field.
Referee #2 :
Major strengths of this study of phagosomal proteolysis regulation in dendritic cells (DCs) are its elegance, technical nature, and largely convincing data. A major weakness is lack of novelty; the authors have already described the same NOX2-mediated mechanism in macrophages (Rybicka et al. 2010 ). Indeed, experimental and technical details are quite similar between the two papers. In the frequently referred to manuscript by Savina et al. 2006 , which the authors appear to have successfully challenged, the two cell types were compared side by side. This begs the question why the experiments in this manuscript were not reported in parallel (DCs vs macrophages)? It makes the current study seem redundant.
There are also some technical concerns. 1. General: Savina et al. used beads coupled to various proteins and fluorophores to stimulate and track phagocytosis. In this study, as far as I can tell, the authors always used IgG-coupled reagents. Therefore, phagocytosis is Fc -receptor mediated and may result in the shuttling of antigen to qualitatively different lysosomes compared to other methods. In fact, perhaps this explains the discrepancy in pH data as well as time course of NOX2 activity between this and the Savina et al. 2006 study. 2. General: The authors never present a control showing that the rate or phagocytic ability of DPItreated or Cybb-/-cells is comparable to wild type cells. This is an important control that can be easily provided. 3. Supplementary Figure 1A : The CD11c gating is suspect. These cells look like they were pre-gated and the CD11clo or negative population cut off. If this is true, it does not represent the CD11c positivity of the whole cell population. The readers should know the purity of the DC population used in the study. 4 . Supplementary Figure 2A : There is no positive control to show inhibition of proteolytic activity. 5. Figure B : Again, my concern is the comparison of phagocytic ability between wild type, DPItreated and Cybb-/-cells. I would like to see a control for this.
Referee #3:
This MS revisits the role of the NADPH oxidase NOX2 in antigen presentation by dendritic cells (DC). Using time-resolved measurements of reactive oxygen species (ROS), pH, and proteolytic activity inside phagosomes of bone-marrow derived DC from wild-type and NOX2-deficient mice, the authors show that the production of ROS within phagosomes is associated with an inhibition of cystein proteases and not with a failure of NOX2-containing phagosomes to acidify. Phagosomal acidification was found to be completely independent of NOX2 activity, in direct contrast to a series of studies by Amigorena and colleagues, who had showed that NOX2 activity is associated with phagosomal alkanization in DCs. The authors conclude that the decreased proteolytic activity inside DC phagosomes is due to the oxidative environment generated by NOX-derived ROS, and not to an alkaline phagosomal pH. This is a very solid piece of work. The time-resolved measurements are of high quality and clearly show that NOX2 activity reduces the activity of cyseine proteases without impairing phagosomal acidification. This directly contradicts earlier observations showing that the proteolytic defect was due to the failure of NOX2-containing phagosomes to acidify. Since these findings are likely to be hotly disputed, the authors should provide exceptionally strong evidence that the defect is due to ROS production and not to an abnormally high phagosomal pH. For this, they should 1) rule out potential confounding factors, 2) perform additional pH measurements with other dyes and detection methods, 3) discuss the role of NOX-associated ion channels in the control of phagosomal pH, and 4) confirm the causal link between ROS and cyseine protease inhibition by restoring ROS production in NOX-2 deficient cells. They should also provide detailed protocols for their pH measurements and improve the presentation of the data. Specifically: 1) pH measurements. The normal acidification of phagosomes in dendritic cells expressing the NADPH oxidase NOX2 is completely at odds with a series of papers by the group of Amigorena who reported that phagosomes alkalinize in DC due to the activity of NOX2. This raises both methodological and conceptual issues that are not properly addressed. From a methodological standpoint, the authors should definitely rule out potential confounding factors such as dye peroxidation or chlorination. Early reports of phagosomal alkalinization in neutrophils [1] were subsequently invalidated because these measurements were hampered by fluorescein chlorination [2] . One can argue that DC lack MPO, but since fluorescein derivatives were used as pH sensor in both this study (carboxyfluorescein) and in the earlier studies by Amigorena (FITC), the authors should show that their measurements are not affected by dye oxidation or chlorination, using the procedures described in [3] . Another potential confounding factor is the activation state of the cells. Trombetta et al (2003) showed that activating DCs with LPS increases vATPase loading onto endo/lysosomes, thereby increasing endo/lysosomal acidification [4] . Activation of the cells used in this study by traces of LPS present during the isolation procedures might explain some of the discrepancies, and the authors should therefore analyze CD86 expression to determine whether this is indeed the case. Finally, and most importantly, the authors should confirm their pH data using other pH-sensitive dyes and imaging approaches. Dyes such as pHrodo or Oregon green should be used in addition to carboxyfluorescein to measure phagosomal pH by time-resolved fluorescence spectroscopy. The authors should also measure phagosomal pH in single cells by ratio fluorescence imaging and in cell population by FACS analysis, so as to cover the broadest possible range of assays, and use alternate calibration procedures such as the "null point" technique to independently convert the fluorescence data to pH [5] . From a conceptual standpoint, the authors should discuss the biological implication of the pH-independent NOX2 activity. The alkalinization of phagosomes observed by Amigorena et al. was attributed to the consumption of protons within phagosomes during the conversion of superoxide anions into hydrogen peroxide. Superoxide production by the NOX requires the movement of counter-ions to compensate for the charge of the electrons, and phagosomal alkalinization only occurs if ions other than protons provide the compensating charge. Ahluhwalia (2004) proposed that large conductance (BK) potassium channels provide the compensating charge, and such a stoechiometry could indeed result in phagosomal acidification [6] . However, this paper was disproved by two subsequent studies [7, 8] and was recently retracted [9] .
Instead, voltage-gated Hv1 proton channels were shown to provide the compensating charge, and three recent studies from mice lacking the Hv1 channel showed that Hv1 ablation is associated with defective ROS production and with drastic changes in cytosolic pH [10] [11] [12] . These studies should be mentioned, and the implication of NOX2-associated ion channels on phagosomal pH should be discussed. Alternatively, the authors could directly test whether Hv1 channels sustain ROS production and prevent phagosomal alkalinization in DC, using ZnCl to inhibit Hv1 proton channels.
2) Rescue experiments. The authors show that treatment of wild-type cells with reducing agents such as L-cystein or -mercaptoethanol increases the rate of phagosomal proteolysis to levels comparable to CYBB-/-cells (Fig. 6 ). The converse experiment should be performed. Adding exogenous H2O2 to CYBB-/-cells should decrease phagosomal proteolysis in these cells to levels similar to WT cells. A more elegant (albeit technically more challenging) rescue experiment would be to re-express NOX2 in BMDC of CYBB-/-mice, either by allogenic bone marrow transfer or by transfecting NOX2 cDNA in primary cultures. This would conclusively prove that the proteolytic defect is causally linked to the NOX2-dependent production of ROS within phagosomes.
3) Detailed protocols. Although the methodologies used for the intraphagosomal pH assays have already been published and are cited, the authors should provide detailed protocols for their pH measurements so that readers can readily evaluate the data and repeat the experiments. Detailed information is especially important since the study essentially relies on the assumption that the assays use here are more accurate than those employed earlier by Amigorena and colleagues. 4) Data presentation. Almost all of the figures are lacking proper labeling, making them difficult to examine without going back and forth to the figure legend and text. The authors should include a little more detail on the y-axis labels to indicate what is being measured rather than just the units they are measured in such as RFU or just relative activity. For example, y-axes should state Superoxide Production (RFU) (Fig 1A) , Total Proteolytic Activity (RFU) (Fig 1B) , Phagosomelysosome FRET (RFU) (Fig 2A) , Cystein Cathepsin Activity (RFU) (Fig 4A) etc. The exact wavelengths used to excite or calibrate should be outlined explicitly in the figure axis labels or in the figure legends. Figure 3D is particularly confusing as there are more lines than there are labels and it is not immediately clear which traces correspond to which condition.
Abstract: the statement 'the acidification of the phagosomal lumen (...) is inconsistent with a mechanism of protease control' is inappropriate since Figure 3C clearly shows that pH does influence protease activity. To substantiate this statement, the authors should measure intraphagosomal proteolytic activity in cells with alkaline phagosomes. Figure 2A . A control with an inhibitor of phagolysosome fusion is needed to validate the FRET assay. This would give the reader an assurance that the assay allows to effectively detect a block of phagolysosome fusion in DC under these particular conditions. Figure 3D : Wild-type and NOX2-deficient cells have a similar neutral phagosomal pH when the proton pump is inhibited by concanamycin, but the authors have not measured phagosomal ROS production in this condition. They should measure both ROS production and proteolytic acivity in phagosomes of cells exposed to concanamycin, to confirm that 1) NOX activity does not alter phagosomal pH when the proton pump is inhibited, and 2) that the decreased activity of proteases above pH 6.0 measured in vitro ( The original choice to use IgG-coupled experimental particles was to reduce any potential artifacts associated with differential uptake of particles by BMDCs -as these particles are consistently phagocytosed at near-100% efficiency in our population-based experimental system. The comments of reviewer #2 are well taken though and we have since performed real-time acidification experiments with unopsonized mannosylated experimental particles (supplementary figure 6 ). In addition, using a microscopy-based format, we also evaluated acidification of phagosomes containing IgG-coupled particles, mannose-coupled particles, zymosan particles as well as the same latex particles used by Savina et al 2006 (Supplementary Figure 13) . The potential for cargospecific alteration to BMDC phagosomal acidification is also discussed on page 16 (Discussion).
Response to reviewers' comments

General: The authors never present a control showing that the rate or phagocytic ability of DPI-treated or Cybb-/-cells is comparable to wild type cells. This is an important control that can be easily provided.
We have now included this data in supplementary information (Supplementary figure 2) .
Supplementary Figure 1A: The CD11c gating is suspect. These cells look like they were pre-gated and the CD11clo or negative population cut off. If this is true, it does not represent the CD11c positivity of the whole cell population. The readers should know the purity of the DC population used in the study.
Thank you for pointing out this mistake, this has been corrected to reflect the whole cell population (Supplementary Figure 1A) .
Supplementary Figure 2A: There is no positive control to show inhibition of proteolytic activity.
The experiment has been repeated and protease inhibitor cocktail was included as a control (Supplementary figure 4A) .
Figure B: Again, my concern is the comparison of phagocytic ability between wild type, DPI-treated and Cybb-/-cells. I would like to see a control for this.
As above, we have now included this data in supplementary information (Supplementary Figure 2) . We have also included microscopy-based measurement and assessment of the acidification of individual phagosomes. Only phagocytosed beads were used for measurement (Figure 3 D,E,F) (Supplementary Figure 13) . [6] . However, this paper was disproved by two subsequent studies [7, 8] and was recently retracted [9] . Instead, voltage-gated Hv1 proton channels were shown to provide the compensating charge, and three recent studies from mice lacking the Hv1 channel showed that Hv1 ablation is associated with defective ROS production and with drastic changes in cytosolic pH [10] [11] [12] . These studies should be mentioned, and the implication of NOX2-associated ion channels on phagosomal pH should be discussed. Alternatively, the authors could directly test whether Hv1 channels sustain ROS production and prevent phagosomal alkalinization in DC, using ZnCl to inhibit Hv1 proton channels.
Referee #3: This MS revisits the role of the NADPH oxidase NOX2 in antigen presentation by dendritic cells (DC). Using time-resolved measurements of reactive oxygen species (ROS), pH, and proteolytic activity inside phagosomes of bone-marrow derived DC from wild-type and NOX2-deficient mice, the authors show that the production of ROS within phagosomes is associated with an inhibition of
First of all, we very much appreciate the insightful and useful comments provided by this reviewer. We agree that the pH portion of the paper, whilst not the main focus, will attract the greatest amount of scrutiny and it is in our best interest to expand this section from a methodological as well as a conceptual standpoint. In the process, as you will find, we have certainly increased the novelty of the manuscript based on suggestions by this reviewer. Following are the changes/additions to the revised manuscript resulting from these comments. i) As suggested, using methodologies outlined in reviewer's reference #3, we show that the CFSE-based acidification data is unaffected by MPO inhibition (Supplementary Figure  11) . Moreover we showed that following recovery from mature WT and Cybb -/-phagosomes, standard curves generated from CFSE-as well as OGSE-labeled beads are identical (Supplementary figure 12A-B) . Interestingly, whilst CFSE and OGSE was unaffected by ROS production in the BMDC phagosome, the newer generation pH sensitive fluorophores, that display a gain in fluorescence with protonation (pHrodo and cypHer), were found to be extremely sensitive to oxidation in this environment. Although these particular fluors were not used in this study, we have included this data to caution others of these potential artifact (Supplementary Figure 12C-D) . Interestingly the manufacturers of these compounds are aware of this limitation and maintain that they were never intended to be used to quantitatively measure pH. ii)
As suggested, BMDC immaturity was evaluated by CD86 expression +/-LPS exposure (Supplementary figure 1E) . iii)
As suggested, we have also measured phagosomal pH using a number of different methodologies. Firstly, we performed acidification experiments that utilized Oregon Green SE (OGSE) as an alternative to CFSE (Supplementary figure 7) . As outlined above, pHrodo is unsuitable for the measurement of phagosomal pH in the presence of ROS, and thus was not used. Secondly, acidification of phagosomes containing unopsonzied mannosylated particles were measured in addition to the experiments performed with IgGcoupled particles (supplementary figure 6) . Thirdly, in addition to the population-based pH measurements, we performed real-time pH measurements of individual phagosomes using CFSE-based ratio fluorometry by confocal microscopy (Figure 3 D,E,F) . Fourthly, we utilized the acidotropic dye Lysotracker Green to qualitatively assess the phagosomal acidification using 4 different experimental particles (Supplementary Figure 13) . While we did not use a FACS-based system, we feel that this data, alongside the indirect indicators of phagosomal acidification (e.g. phagosome-lysosome fusion profiles, cathepsin D/E activities), definitively show that in our experimental system (in which we observe NOX2-mediated inhibition of phagosomal proteolysis) DC phagosomes show comparable acidification with or without NOX2 function. iv)
Reviewer #3 suggested that we discuss the dependence of NOX2 on proton movement into the phagosome. We have not only approached this from a conceptual standpoint (page 16-17), but also present supportive experimental data (page 10-11; Figure 4 ). Thanks to these astute comments, we subsequently found that phagosomal NOX2 activity was diminished by V-ATPase inhibition as well as in the presence of ZnCl 2 . To confirm that the that phenotype associated with ZnCl 2 was indeed acting through Hv1, following confirmation that BMDCs express Hv1 (at least at a mRNA level) we repeated these experiments in BMDCs derived from Hv1 -/-mice (kindly provided by Dr.David Clapham). We have attempted to discuss the implications of these findings adequately and in context, without changing the major focus of the manuscript. We feel that the findings from this series of experiments add to the novelty of this manuscript as well as provide conceptual depth previously lacking in the original manuscript. We thank the reviewer for the insight that he/she provided. (Fig 1A) , Total Proteolytic Activity (RFU) (Fig 1B) , Phagosome-lysosome FRET (RFU) (Fig  2A) , Cystein Cathepsin Activity (RFU) (Fig 4A) etc. The exact wavelengths used to excite or calibrate should be outlined explicitly in the figure axis labels or in the figure legends. Figure 3D is This was not the intended interpretation of the statement, but I can see how it could have been taken out of context. Clearly pH could indeed be a mechanism of protease control in certain systems. This statement has now been removed. (Fig. 3C) translates into intact cells.
Thank you for submitting your revised manuscript to the EMBO Journal. Your study has now been seen by the original referee #3 and his/her comments are provided below.
As you can see, the referee appreciates the introduced changes and support publication here. The referee has a few minor remaining points to resolve before publication here. Once we receive the revised version, we will proceed with acceptance here.
Yours sincerely,
Editor
The EMBO Journal _____ REFEREE REPORTS:
Referee #3:
The authors have performed almost all the experiments requested. They have ruled out potential confounding factors, measured phagosomal pH with alternate methodologies, rescued the proteolytic defect with exogenous ROS, and studied the dependence of NOX2 activity on proton translocation. Their new findings confirm that phagosomes indeed acidify in DC and reveal a new role for the vacuolar ATPase, which not only pumps protons to acidify phagosomes but also provides a compensating charge to sustain the activity of the NADPH oxidase. The revised MS is a solid piece of work that provides new insight as to the mechanism of phagosomal acidification and ROS production. I have only a few minor suggestions for changes.
p. 15, last para. "It is possible that..." this statement is not compatible with the mechanism of charge compensation presented here. If proton translocation sustains superoxide production by the oxidase, then the production of superoxide does not impact on the phagosomal pH regardless of whether phagosomes are neutral or acidic, because the protons that are consumed within the phagosome are supplied stoeichiometrically with the incoming superoxide anions. In order for the oxidase to alkalinize phagosomes, ions other than protons must provide the compensating charge. Fig. 3 . The pH differences are difficult to appreciate in Fig. 3D on the ratio images, coded from light to dark blue. A rainbow color scale should be used for the overlaid ratio images to better highlight the differences. The individual data points should be shown on the time-courses in Fig. 3E . This statement has been removed. Fig. 3 . The pH differences are difficult to appreciate in Fig. 3D on the ratio images, coded from light to dark blue. A rainbow color scale should be used for the overlaid ratio images to better highlight the differences. The individual data points should be shown on the time-courses in Fig. 3E . Color scale has been changed and individual data points have been included in 3D and 3E respectively.
